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beta -form tris-(2,3-epoxypropyl)-isocyanurate crystals containing from 2 to 1 5 wt% of alpha -form tris- 
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Description 

fOOOl 1 The present invention relates to p-form tris-(2,3-epoxvpropy0-isocyanurate crystals and a process for their pro- 
duction Particularly, it relates to a process for producing such crystals eff iciently as a product of high punty wherein the 
content of a-form tris-(2,3-epoxypropy0-isocyanurate which is present on the surface of the crystals in a form to be 
extracted by an alcohol, is not more than 2 wt%. and epichlorohydrin hazardous to human bodies or to applications to 
electronic materials, is reduced to a level of not more than 1 ,000 ppm. ..... u 

100021 In view of an increasing demand in recent years for the properties required for a solder resist material, such 
as adhesion, electrical insulating properties, soldering heat resistance and solvent resistance, a solder resist ink com- 
oosrtion is presently used which is a combination of a photosensitive prepolymer and a thermosetting resin. Namely, it 
^designed to satisfy the above required properties by forming a solder resist pattern by the photosensitive prepolymer. 
followed by thermosetting. Further, demands have been increasing for high densification of pnnted arcuit boards along 
with a trend for light weight and miniaturization of electronic appliances in recent years, for low bleeding dunng forma- 
tion of solder resist patterns tor surface mounting of parts and for precision in embedding between circuits. Accordingly, 
as the thermosetting resin to be incorporated to the solder resist ink a fine particulate solid epoxy having high solvent 

looSl^As a TOlS'epoxy to satisfy the above required properties. tris-(2.3-epoxypropyl)-isocyanurate may be men- 
tioned Tris-(2 3-epoxypropyl)-isocyanurate has three asymmetric carbon atoms, and crystals made of an equimolar 
mixture of (2R.2'R,2"R)-tris-<2,3-epoxypropyl)-isocyanurate and (2S,2'S.2-S)-tris-(2.3-epoxypropyO-isa V anurate. 
wherein all of the three asymmetric carbon atoms are optically isotropic, are commonly called p-form crystals and 
known to give crystals having a high melting point of a level of about 150»C. This is attributable to the fact that a pair of 
these two types of enantiomers form a molecular lattice having firm six hydrogen bonds and thus form a crystal lattice. 
On the otherhand. crystals made of a mixture of (2R.2R.2S).tris-(2.3-e P oxypropyl)-isocyanurate and (2S.2S.2R)-tris- 
f 2 3-epoxypropyl)-isocyanurate. wherein one of the three asymmetric carbon atoms is different in the optical anisotropy. 
are commonly called a-form crystals, and they do not have the above crystal structure and accordingly present only a 
low melting point of a level of about 100«C. The p-form tris-(2.3-epoxypropyl)-isocyanurate crystals not only have a high 
melting point but also have a low solubility in various solvents. Accordingly, when they are used as a crosslinWng agent 
for different types of compounds or for reactive polymers in the form of a one pack type reactive mixture, the reaction 
will not proceed during the storage, until they are forcibly cured. Such p-form crystals have been used for applications 
to electric and electronic materials, for example, as a solder resist ink composition of photocurmg/thermosetting com- 

raOMI^The liquid epoxy composition is likely to undergo an increase in the viscosity during storage, since a part of 
the epoxy compound dissolves in the solvent, and entanglement with the photosensitive prepolymer is likely to result, 
whereby elution tends to be poor during washing off of the non-exposed portion. JP-B-7-17737 discloses use of p-form 
tris-(2 3-epoxypropyl)-isocyanurate as a hardly soluble epoxy compound, p-form tris-(2.3-epoxypropyl)-isocyanurate 
fine particles which have a high melting point and which are hardly soluble, are in a state enclosed by a photosensitive 
prepolymer whereby they will not reduce the solubility of the photosensitive prepolymer at the non-exposed portion. 
Further they are hardly soluble in an organic solvent, whereby the exposed portion is hardly eroded by a developer, 
whereby there will be no deterioration in the sensitivity. Further, the storage stability of the solder resist ink composition 
40 is excellent 

[0005] As a method for separating p-form tris-(2,3-epoxypropyl)-isocyanurate and a-form tris-(2,3-epoxypropyl)-iso- 
cyanurate from tris-(2 3-epoxypropyl)-isocyanurate, a separation method has been available wherein a solvent which 
dissolves a-form trisK2,3-epoxypropyO-isocyanurate relatively well and which hardly dissolves p-form tris-(2,3-epoxy- 
prcpyQ-isocyanurate, for example, an alcohol such as methanol, is employed. For example, Journal of Thermal Analy- 
sis vol 36 (1990) p.1819 discloses separation by means of a methanol solvent. Further, Plaste und Kautschuk 23 
Jahrgang Heft 4/1975 discloses a method wherein firstly a methanol solvent is used for separating p-form tns-(2,3- 
epoxypropyO-isocyanurate, and then the p-form tris-(2,3-epoxypropyl)-isocyanurate is purified by chloroform. Further, 
Kobunshi Ronbunshu (polymer report collection), vol.47. Na3 (1990) p.169. discloses a method wherein synthesized 
tris-{2 3-epoxypropyl)-isocyanurate is put into methanol, followed by heating and stirring, whereupon the non-dissolved 
content is collected by filtration, and the obtained non-dissolved substance is re-crystallized from methyl ethyl ketone to 
obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals. 

r 000 6] Many of p-form tris-(2.3-epoxypropyl)-isocyanurates obtained by such separation methods, hardly undergo 
crystal growth and many of them have an average particle size of less than 1 0 u.m. In the filtration step, if the diameters 
of openings of th filter material are 10 urn or larger, the yield will be very poor, as there will be a substantial amount of 
particles which pass through the filter material. On the other hand, if the diameters of openings of the filter material are 
smaller than 10 vim, the filtration resistance tends to be large, and clogging of the filter material is likely to occur, 
whereby the filtration operation tends to be very difficult 

[0007] Further, by a single separation operation by the foregoing separation method, p-form tris-(2,3-epoxypropyl> 
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isocyanurate tends to contain chlorine-containing impurities or other impurities as well as a-form tnsK2.3-epoxypropyI)- 
isocyanurate. Accordingly, it will be necessary to further carry out recrystallization. 

f0008] JP-B-48-24039 discloses a process wherein a chlorohydrin ester of isocyanuric acid obtained by reacting cya- 
nuric acid with epichlorohydrin, is dehydrochlorinated with an alkali, and the alkali metal chloride * **- 
5 arated, and the obtained epichlorohydrin solution of tris-(2,3-epoxypropy0-isocyanurate, .s concentrated to a tris-(2 t 3- 
epoxypropyD-isocyanurate concentration of from 50 to 60%. and then the solution was cooled ^o from 20 to 25 C to 
^n^M-epoxyproRyOHSOcyan^ crystals in an yield of 27% based on cyanuric acid. The tns-(2,3-epc*ypro- 
pyl)-isocyanurate obtainable by a conventional process is known to contain a-form tris-(2.3-epoxypropyOHsocyanurate 
and p-form tris-(2,3-epcocypropyl)-isocyan urate in a ratio of 3:1 . 
to rO0O91 The yield of p-form tris-(2,3-epoxypropyl)-isocyanurate present at the reaction stage of JP-B-48-24039 is 
expected to be at most 20% based on cyanuric acid, and at the stage after the crystallization, the yield .s expected to 
beat most 1 9% based on cyanuric acid. Whereas, the tris-(2.3-epoxypropyl)-isocyanurate crystals obtained in JP-B-48- 
24039 is 27% in yield based on cyanuric acid, from which the proportion of a-form tris-(2.3-epoxypropy0-isocyanurate 
in the obtained crystals is calculated to be at least (27%-19%)/27% x 100 = 30%. The results of a duplication test car- 
ried out by the present inventors also showed that the content of a-form tris-(2.3-epoxypropy1)-isocyanurate was at least 
30% It is considered that in the crystals obtained in JP-B-48-24039. a substantial amount of a-form tns-<2.3-epo^ro- 
pyl)-isocyanurate is attached on the surface of p-form tris-(2.3-epoxypropyl)-isocyanurate crystals or is present in the 

form of independent crystals. t . 

romoi Thus the above process has a problem that the crystals contain a large amount of a-form tns-<2,3-epoxypro- 
DvD-isocyanurate in the form to be extracted by an alcohol, and further a few thousands ppm of epichlorohydrin, etc. are 
contained in the interior of the crystals. Namely, as mentioned above, alcohol-soluble a-form tris-(2.3-epoxypropyl)-.so- 
cyanurate is present on the surface of the p-form tris-(2.3-epoxypropyl)-isocyanurate crystals or is independently 
□resent whereby there is a problem that it dissolves in a solder resin composition to deteriorate the storage stability or 
to deteriorate the developability. Further, epichlorohydrin is composed of a hydrolyzable chlorine which is not only haz- 
ardous to human bodies but also hazardous to applications to electronic materials, and should be contained as little as 

SS?%t» object of the present invention is to obtain p-form tris-(2.3-epoxypropyl) -isocyanurate by industrially advan- 
taoeous crystallization of a reaction solution of tris-(2,3-epoxypropyl)-isocyanurate. and more particularly, to obtain p- 
form tris-(2 3-epoxypropyl)-isocyanurate wherein a-form tris-(2.3-epoxypropyl)-isocyanurate in the form to be extracted 
by an alcohol is at most 2 wt% of the total tris-(2,3-epoxypropyl) -isocyanurate, and the remaining epichlorohydrin is 
reduced to a level of not more than 1 .000 ppm, particularly not more than 300 ppm. 

[001 2] In the first aspect, the present invention provides p-form tris-(2,3-epoxypropyl)-isocyanurate crystals containing 
from 2 to 1 5 wt% of a-form tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals. 

[0013] In the second aspect the present invention provides the p-form tris-(2.3-epoxypropyl)-isocyanurate crystals 
according to the first aspect, which have an average particle size of from 1 0 to 500 urn. 

[001 4] In the third aspect, the present invention provides a process for producing p-form tns-(2,3-epoxypropyl)-isocy- 
anurate crystals containing from 2 to 1 5 wt% of a-form tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals, 
which comprises the following steps (A). (B). (C), (D) and (E): 

(A) a step of reacting 1 mol of cyanuric acid with from 5 to 180 mols of epichlorohydrin to form an addition product 
of cyanuric acid and epichlorohydrin, followed by dehydrochlorination to obtain a reaction solution containing tris- 
(2,3-epoxypropyl)-isocyanurate. . _ ... 4 

(B) a step of adjusting the reaction solution containing tris-(2.3-epoxypropyl)-isocyanurate obtained in step (A) to a 
solid content concentration of from 10 to 50 wt%, ^ x onoPtl 

(C) a step of adding seed crystals to the liquid obtained in step (B) at a temperature lower by from 5 to 20 C than 
the temperature at which the liquid forms a saturated solution, 

(D) a step of gradually cooling the liquid obtained in step (C) at a cooling rate of not higher than 20*C/hr for crys- 
tallization, followed by filtration to obtain crystals, and 

(E) a step of washing and drying the crystals obtained in step (D). 

[001 51 In the fourth aspect, the present invention provides the process according to the third aspect wherein step (A) 
is a step of reacting (a) 1 mol of cyanuric acid, (b) from 5 to 180 mols of epichlorohydrin and (c) from 0.001 to 0.1 mol 
of at least one compound selected from the group consisting of a tertiary amine, a quaternary ammonium salt a qua- 
ternary ammonium base, a trisubstituted phosphine and a quaternary phosphonium salt, as catalyst to obtain a reac- 
tion solution adding from 2 to 6 mols of an alkali metal hydroxide or an alkali metal alcoholate to the reaction solution 
for dehydrochlorination, and then removing the resulting alkali metal salt to obtain a reaction solution containing tns- 
(2,3 -epoxypropyl) -isocyanurate. 

[001 6] In the fifth aspect, the present invention provides the process according to the third or fourth aspect, wherein 
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steo (C) is a step of heating the liquid obtained in step (B) to a temperature of at least the temperature at which the hqud 
S a sltuS solution thereafter ^ 

at which the liquid forms a saturated solution, and then adding seed crystals thereto. 

[00171 In the sixth aspect the present invention provides the process according to any one of the th.rd to fifth aspects, 
wherein the addition of seed crystals in step (C) satisfies the following formulae (1) and (2): 

1 x 10 10 sTa 1x10 2 W 

T=1.4x10 12 (m/(MxD 3 )) ( 2 ) 

wherein T is the number of seed crystals added per the weight of trisK2.3^xvpropyO-isocyamrate in the reaction 
sSon (number/g). m is the amount of seed crystals added (g). D is the average part.de size of seed crystals wh,ch 
is from 2 to 300 urn. and M is the weight (g) of tris-(2.3^poxypropyl)-isocyanurate \r> the reaction solution. 
00181 in the seventh aspect the present invention provides the process according to any one of the th.rd to socth 
aspects wherein the seed crystals added in step (C) is p-form tris-(2.3-epoxypropyl)-isocyanurate, or a mixture of p- 
form tris'-(2.3-epoxypropyl)-isocyanurate and a-form tris-{2.3-epoxvpropy0-isocyanurate. 

[00191 in theeighth aspect the present invention provides the process accord.ng to any one of the third to seventh 
aspects, wherein ultrasonic waves are applied to the liquid in the process of gradually cooling the hqud .n step , (D). 
[00201 In the ninth aspect, the present invention provides the process according to any one of the third to eighth 
aspects wherein a solvent capable of providing a solubility of at least 0.5 g/100 g at 20-C to a-form tns-{2.3-epoxypro- 
Ln-isocyanurate and a solubility of less than 0.5 g/100 g at 20'C to p-form tris-<2.3-epoxypropyl)-.socyanurate. » used 
in an amount of from 0.5 to 10 times by weight relative to the p-form tris-(2.3-epc^ropyl).isocyanurate crystals. 
[00211 In the tenth aspect, the present invention provides the process according to any one of the third to n.nth 
aspecL, wherein the average particle size of the crystals obtained in step (D) is from 20 to 500 M*^***™" 
step (E) is carried out under atmospheric pressure or under reduced pressure in a gas stream at a temperature of from 

maSl ^n the eleventh aspect the present invention provides the process according to any one of the third to ninth 
asoects wherein the average particle size of the crystals obtained in step (D) is from 10 to 20 »im. and the drying in 
step (E)'is carried out under atmospheric pressure or under reduced pressure in a gas stream at a temperature of from 

30 ro02°31 2 °Nw the present invention will be described in detail with reference to the preferred embodiments. 

0024 In the present invention, the p-form tris-(2.3-epoxypropyl)-isocyaiiurate crystals containing from 2 to 15 wtt&of 
a-form tris-{2.3-epoxypropy0-isocyanurate in the interior of the crystals, are obtainable as having an average particle 
size of from 1 0 to 500 urn. The content of a-form tris-(2.3-epoxypropyl)-isocyanurate present in the interior of the p-form 
Ss^2.3~poxypropyl)-iacyanurate crystals is from 2 to 15 wt%. preferably from 4 to 13 wt%. as a proportion of («- 

rOMsl" AsT metSdfor measuring the content of a-form tris-^.S-epoxypropyQ-isocyanurate present independently or 
on the surface of the p-form tris-(2.3-epoxypropyl)-isocyanurate crystals of the present invention, a solvent extraction 
method is for example, available. Since the p-form has a very small solubility in an organic solvent as compared with 
the a-form. the measurement can be carried out with high precision. As the organic solvent to be used here, an alcohol 
type solvent such as methanol or ethanolmay.forexample.be mentioned. 

[00261 Further as a method for measuring the ratio of the a-form and the p-form in the entire crystals. H-NMR, IR 
or a method by HPLC by means of an optical resolution column, is available. As the optical resolution column, an amy- 
lose or cellulose derivative may be used as the stationary phase, whereby resolution can efficiently be carried out. and 
4S the measurement can be carried out with high precision. 

[00271 The a-form tris-(2.3-epoxypropyl)-isocyanurate contained in the p-form tris-(2.3-epoxypropy0-is«yanurate 
crystals of the present invention is from 2 to 15 wt%, and the analytical method is not limited to the method disclosed 

[0o281^ f The 1 a'-form tris-(2.3-epoxypropyl)-isocyanurate contained in the interior of the p-form tris-(2.3-epoxypropyl)- 
isocyanurate crystals will not be extracted by an organic solvent such as methanol, and when formed into an epoxy 
resin composition, it will not elute from the p-form tris-(2.3-epoxypropyl)-isocyanurate crystals. 
[00291 In the process for producing p-form tris-(2.3-epoxypropyl)-isocyanurate crystals of the present invention, step 
(A) is a step of reacting 1 mol of cyanuric acid with from 5 to 180 mols of epichlorohydrin to form an addition product of 
cvanuric acid and epichlorohydrin. followed by dehydrochlorination to obtain a reaction solution contain.ng tr.s-(2.3- 
eooxypropylHsocyanurate. More specifically, step (A) is a step of reacting (a) 1 mol of cyanuric acid, (b) from 5 to 180 
mols of epichlorohydrin and (c) from 0.001 to 0.1 mol of at least one compound selected from the group consisting of a 
tertiary amine a quaternary ammonium salt, a quaternary ammonium base, a tri substituted phosphine and a quater- 
nary phosphonium salt as a catalyst, to obtain a reaction solution, adding from 2 to 6 mols of an alkali metal hydroxide 
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or an alkali metal alcoholate to the reaction solution for deriydrochlorination. and then removing the resulting alkali 
metal salt to obtain a reaction solution containing tris-(2.3-epoxypropyl)-'socyanurate. 

[0030] In step (A), the catalyst tor addition of epichlorohydrin to cyanuric acid is not particularly limited.^ and rt may; for 
example be a tertiary amine, a quaternary ammonium salt, a quaternary ammonium base, a ^substituted phosph.ne 
oTaTuaternary phosphonium salt It is preferred to use from 0.001 to 0.1 mol of the catalyst per moh «*anur.c ; acid. 
As examples of the catalyst the tertiary amine may. for example, betripropylamine. tributyiamine orN.r*-dime%toiper- 
aziraThe quaternary ammonium salt may. for example, be tetramethylammonium halide. tetraet^arnmoniurn hal.de 
" etfaZJammonium halide. wherein the halide may. tor example, be chloride bromide or iod.de. The q^ernary 
ammonium base may. for example, be tetramethylammonium hydroxide, or benzyttnmethylammon.um r>ydro»da The 
tri-substituted phosphine may. for example, be tripropylphosphine. tributylphosphine. triphenyl^hme orWtphos- 
ohine and the quaternary phosphonium salt may. for example, be tetramethytohosphonium hal.de. tetrabutylphospho- 
nium halide methyltriphenylphosphonium halide or ethyltriphosphonium haHde. wherein the halide may. for example, be 
chloride bromide or iodide. Among the above mentioned compounds, a quaternary ammonium salt or a quaternary 
ohosohonium salt is particularly preferred since the reaction proceeds efficiently under a mild condition .with no sub- 
stantial side reaction. Particularly preferred is a quaternary ammonium, such as tetramethylammonium haUde. tetrae- 
thvlammonium halide or tetrabutylammonium halide. wherein the halide is chloride or bromide, whereby me side 
reactor^STbe suppressed, and removal of the catalyst after the reaction can easily be made simply by wash.ng with 

ro031 1 Further in step (A), by the subsequent dehydrochlorination. a reaction solution containing tris<2.3-epoxypro- 
pyl)-feocyanurate can be obtained. The reagent to be used for this dehydrochlorination reaction is not particularly tan> 
Sed and It may. for example, be an alkali metal hydroxide or an alkali metal alcoholate. It is preferred to use an alkali 
metal hydroxide or an alkali metal alcoholate in an amount within a range of from 2 to 6 mols. preferably from 2.5 to 4 
mols per mol of cyanuric acid. As such an alkali metal hydroxide, sodium hydroxide, potassium hydroxy or Irth.um 
hvdroxide may. for example, be mentioned, and as such an alkali metal alcoholate. sodium methylate. sodium ethylate. 
Lotassium methylate or potassium ethylate may. for example, be mentioned. The tris-(2.3.epoxypropyl)HSOcyanurate 
ttiSained. contains p-form tris-(2.3-epoxypropyl)-isocyanurate and a-torm tris^.S-epoxypropyD-socyanurate .n a 

raoSl ^e^eaction solution containing tris-(2.3-epoxypropyl)-isocyanurate thus obtained, is then adjusted by Concen- 
tration or dilution to a concentration suitable tor crystallization. For the measurement of the solid center* t concentrate. 
30 the reaction solution is treated by a rotary evaporator at 120'C under a pressure of not higher than 5 Torr for 3 hours 
for evaporation to dryness, whereupon the solid content weight is measured, and the solid content concentration can 

SS(Mnrt ep (B). the solid content concentration of the reaction solution containing tris-(2.3-epoxypropyl)-isocyanu- 
rate is adjusted to a level of from 10 wt% to 50 wt%. preferably from 25 wt% to 40 wt%. 

as 10034] If this concentration is too low. the cooling temperature required for crystallization must be lowered to a low 
level, and no adequate yield can be attained. . 
100351 On the other hand, if this concentration is too high, the cooling temperature required for crystalloation must be 
maintained at a high temperature. Consequently, the filtration temperature must be maintained at a hightemperature 
Here if the solution is cooled to a temperature lower than the final cooling temperature range. rapKl crystetoation w.11 

40 take place and it is likely to take in a-torm tris-(2.3-epoxypropyl)-isocyanurate. such being undesirable. Further^ rf the 
concentration is too high, the change in the solubility to the change in the temperature will be large, whereby rapid crys- 
tallization will take place, whereby it is likely to take in a-form tris-(2.3-epcxypropyl)-isocyanurate. such being undesira- 
ble 

[0036] The necessity for maintaining the cooling temperature range required tor this crystallization is to let a proper 

45 amount of the a-form be selectively contained in the precipitated p-form crystals. 

r00371 Table 1 shows the relation between the solid content (%) of tris-(2.3-epoxypropyl)-isocyanurate in the reaction 
solution and the temperature («C) for forming a saturated solution and the cooling temperature («C) required for crys- 
tallization Here the temperature tor forming a saturated solution is determined in such a manner that the reaction solu- 
tion obtained in step (B) is evaporated to dryness at 120»C under 2 Torr to obtain tris-(2.3-epoxypropyD-isocyanurate. 

so which is pulverized to obtain a powder of at most 32 mesh, which is adjusted to a predetermined solid content concen- 
tration with epichlorohydrin. followed by heating at a temperature-raising rate of 1'C/min from room temperature wrth 
vigorous stirring, whereby the temperature when the solid has dissolved completely, is taken as the temperature for 
forming a saturated solution. 
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Table 1 



Solid content concentration (%) of tris-(2,3-epoxypropyl)- 
isocyanurate 


50 


40 


30 


25 


15 


10 


Temperature (°C) for forming a saturated solution 


79 


69 


58 


53 


39 


29 


Cooling temperature (°C) required for crystallization 


3515 


25±5 


15±5 


11±5 


0±5 


-5±5 



10 

[0038] In step (C), seed crystals are added to the liquid obtained in step (B) at a temperature lower by from 5 to 20°C 
than the temperature at which this liquid forms a saturated solution. If crystallization is carried out without adding seed 
crystals, a supersaturated state will continue even during cooling, and at a later half of cooling, crystallization takes 
place all at once. This is not desirable since the purity deteriorates due to inclusion of impurities such as epichlorohydrin 

is and a-form tris-(2,3-epoxypropyl)-isocyanurate. 

[0039] In step (C) t prior to the addition of seed crystals, the reaction solution may be heated to a temperature of at 
least the temperature for forming a saturated solution to adequately dissolve tris-(2,3-epoxypropyl)-isocyanurate in the 
reaction solution, and then it is gradually cooled to a temperature lower by from 5 to 20°C than the temperature for form- 
ing a saturated solution, and then seed crystals may be added. By this method, the particle size of the obtained crystals 

20 will be uniform, such being desirable in view of the filtration properties, etc. 

[0040] The addition of seed crystals in step (C) satisfies the following formulae (1) and (2): 

1 x 10 10 a T a 1 x 10 2 (1) 

25 

T * 10 12 m/(M{4/3) n (D/2) 3 d) (2) 
=: 1.4x10 12 (m/(MxD 3 )) 



30 wherein T is the number of seed crystals per weight of tris-(2,3-epoxypropyl)-isocyanurate in the reaction solution 
(number/g), m is the weight (g) of seed crystals added, D is the average particle size of seed crystals which is from 2 
to 300 nm, M is the weight (g) of tris-(2,3-epoxypropyl)-isocyanurate in the reaction solution, and d is the true specific 
gravity of tris-(2,3-epoxypropyl)-isocyanurate. 

[0041] In the present invention, crystal growth starts from the added seed crystals as nuclei. The crystal size of the 
35 resulting p-form tris-(2,3-epoxypropyl)-isocyanurate can be controlled by the number of seed crystals added per weight 
of tris-(2,3-epoxypropyl)-isocyanurate in the reaction solution (T: number/g) as defined by the above formulae (1) and 
(2). The number (T) of seed crystals determined by the amount of seed crystals and the average particle size, is pref- 
erably at least 1 0 2 particles/g, per weight of tris-{2,3-epoxypropyr)-isocyanurate in the reaction solution, when seed 
crystals having an average particle size of from 2 to 300 are used. If the number of seed crystals is small, the aver- 
se age crystal size of the crystallized p-form tris-(2,3-epoxypropyl)-isocyanurate becomes large, and if the number (T) of 
seed crystals is large, p-form tris-(2,3-epoxypropyl)-isocyanurate crystals having a small average particle size will be 
crystallized. Further, if the number (T) of seed crystals is too much beyond 1 x 10 10 particles per g, the average particle 
size of the crystallized p-form tris-(2,3-epoxypropyl)-isocyanurate will be less than 10 pm, such being undesirable. 
Especially when seed crystals having an average particle size exceeding 100 ^m are employed, if the number (T) of 
45 seed crystals is large, the added weight tends to be too much, such being undesirable. 

[0042] If step (C) is carried out without heating the reaction solution to a temperature of at least the temperature for 
forming a saturated solution, while maintaining it at a temperature lower by from 5 to 20°C than the temperature for 
forming a saturated solution, fine crystals will be formed in the reaction solution at this temperature, and such crystals 
will also serve as seed crystals together with the subsequently added seed crystals, whereby it tends to be difficult to 
so control the number (T) of seed crystals. Accordingly, it is preferred that the reaction solution is heated once to a tem- 
perature of at least the temperature for forming a saturated solution, then cooling it to a temperature lower by from 5 to 
20°C than the temperature for forming a saturated solution, and then seed crystals are added. 
[0043] As the seed crystals to be added in step (C), p-form tris-(2,3-epoxypropyl)-isocyanurate, or a mixture of p-form 
tris-{2.3-epoxypropyl)-isocyanurate and a-form tris-(2,3-epoxypropyl)-isocyanurate f may be employed. 
55 [0044] After adding the seed crystals in step (C), it is preferred to carry out stirring at the temperature for the addition 
for from 0.5 to 1 hour. 

[0045] In the subsequent step (D), the liquid is gradually cooled to a temperature at which a-form tris-(2,3-epoxypro- 
pyl)-isocyanurate maintains a supersaturated state. This cooling rate is at most 20°C/hr, preferably at most 10°C/hr. If 
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the cooling is carried out rapidly, rapid crystal precipitation will take place, and the purity will decrease due to inclusion 
of impurities, such being undesirable. 

[0046] The precipitated p-form tris-(2,3-epoxypropy1)-isocyanurate crystals will be separated by filtration such as suc- 
tion filtration, filter press filtration or centrifugal filtration. 

5 [0047] In step (E), the p-form tris-(2,3-epoxypropyl)-isocyanurate obtained by filtration, can be washed with various 
organic solvents, since it contains impurities, or a-form tris-(2,3-epaxypropyl)-isocyanurate and epichlorohydrin. The 
organic solvents include, for example, methanol, ethanol, isopropylalcohol. methyl ethyl ketone, acetonitrile, dimethyl- 
formamide, and epichlorohydrin. Among them, an organic solvent having a low boiling point in which the solubility of p- 
form tris-(2,3-epc*ypropyl)-isocyanurate is less than 0.5 g/100 g at 20°C, and the solubility of a-form tris-(2,3-epoxypro- 

w pyl)-isocyanurate is at least 0.5 g/100 g at 20°C f is preferred. As an organic solvent having such characteristics, meth- 
anol, ethanol or isopropyl alcohol may, for example, be mentioned. 

[0048] The washing can be carried out at a temperature of from 5 to 50°C. preferably from 5 to 30°C. At a high tem- 
perature such as from 30 to 50°C t the solubility increases, and the amount of the solvent can be saved, but the opera- 
tion will be at a temperature close to the boiling point or the flash point A centrifugal filtration machine has a possible 

is danger of inflammation due to static electricity, and a highly safe pressure filtration machine has a possible problem 
such that a-form tris-(2,3-epoxypropyl)-isocyanurate dissolved in the washing solvent is likely to recrystallize in the filter 
material or in the cake by the passage of pressurizing gas, whereby the filtration property tends to deteriorate. Further, 
there will be a restriction such that a preheating installation for the solvent and a temperature-keeping installation not to 
let a-form tris-(2,3-epoxypropyl)-isocyanurate reprecipitate from the recovered solvent, will be required. Further, at a 

20 temperature of 50°C or higher, a special thermal filtration system will be required. On the other hand, at a temperature 
lower than 5°C, a large amount of the solvent will be required. 

[0049] The amount for washing varies depending upon the temperature and the solvent, but it is usually from 0.5 to 
1 0 times by weight, preferably from 1 to 6 times by weight, relative to the dry weight of the p-form tris-(2,3-epoxypropyl)- 
isocyanurate crystals. As the washing method, the p-form tris-(2,3-epoxypropyl)-isocyanurate obtained by f fltration. may 

25 again be slurried, followed by filtration. Otherwise, the solvent may be supplied during filtration to carry out the washing. 
[0050] In step (E), after the washing, drying can be carried out under atmospheric pressure or under reduced pres- 
sure in a gas stream at a temperature of from 120 to 140°C. The above reduced pressure may be various pressures so 
long as it is a pressure lower than atmospheric pressure, such as a pressure of from 5 to 20 Torr. Further, the drying 
time is usually from 2 to 24 hours. 

30 [0051 ] The above temperature of from 1 20 to 1 40°C is a temperature higher than the melting point of a-form tris-(2,3- 
epoxypropy1)-isocyanurate and a temperature lower than the melting point of p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate. When the drying is carried out at this temperature in a gas stream, in the p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals containing a-form tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals, a part of the a-form tris- 
(2,3-epaxypropyl)-isocyanurate will be melted and liquefied. Through this liquid portion, epichlorohydrin as an impurity 

35 will be discharged from the crystals out of the crystals. With the p-form tris-(2,3-epoxypropyl)*isocyanurate crystals con- 
taining from 5 to 15 wt% of a-form tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals, obtained through 
the drying step in step (E), the remaining epichlorohydrin can be reduced to a level of at most 1,000 ppm, particularly 
preferably at most 3,000 ppm. The reduction of the amount of epichlorohydrin remaining in the product can be accom- 
plished in such a manner that the a-form tris-(2,3-epoxypropyl)-isocyanurate contained in the interior of the crystals is 

40 melted at the drying temperature of from 120 to 140°C, preferably from 125 to 135°C, to form liquid pores in the interior 
of the crystals, and epichlorohydrin is discharged through these liquid pores out of the crystals. In order to reduce the 
remaining epichlorohydrin, a proper amount of a-form tris-(2,3-epoxypropyl)-isocyanurate present in the interior of the 
crystals and a proper washing/drying method are considered to be required. Especially with crystals having an average 
particle size of from 20 to 500 um, the amount of the remaining epichlorohydrin can be substantially reduced as 

45 between before and after the drying at from 120 to 140°C. Accordingly, with crystals having an average particle size of 
from 20 to 500 um, drying under atmospheric pressure or under reduced pressure in a gas stream at a temperature of 
from 1 20 to 140°C is necessary. 

[0052] If the content of the a-form tris-(2,3-epoxypropyl)-isocyanurate present in the interior of the crystals is less than 
2 wt%, pores formed by melting of the a-tarm tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals tend to 

so be little, whereby the amount of epichlorohydrin remaining in the formed crystals tends to increase. 

[0053] On the other hand, if the content of the a-form tris-(2,3-epoxypropyl)-isocyanurate present in the interior of the 
crystals exceeds 15 wt%, during the drying at from 120 to 140°C, a-form tris-(2.3-epoxypropyl)-isocyanurate tends to 
bleed out from the interior of the crystals and act as a binder of particles, thus leading to coagulation, such being unde- 
sirable. If coagulation of particles takes place, the drying efficiency tends to be poor, and discharge from the drier tends 

55 to b difficult, and pulverization will be required anew, such being undesirable. 

[0054] When the content of the a-form tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals is from 2 to 1 5 
wt%, and the drying temperature is from 120 to 140°C, coagulation of crystals due to bleeding out of a-form tris-(2,3- 
epoxypropyl)-isocyanurate to the surface of the crystal particles will scarcely take place. 
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[0055] Further, a-form tris-(2,3-epoxypropyl)-isocyanurate which is present independently or on the surface of the 
crystals and which is in the form to be extracted by an alcohol, is preferably at most 2 wt%. If this value exceeds 2 wt%, 
the shape of crystals or the particle size distribution tends to be non-uniform, whereby the filtration property tends to 
deteriorate, or a coagulation of particles due to fusion during the drying tends to occur. Further, when made into a 
photo-setting/thermosetting combined one pack type resist ink composition, it tends to melt in a solvent thus leading to 
viscosity increase during the storage, and entanglement with the photosensitive prepolymer is likely to occur, whereby 
when the non-exposed portion after exposure is washed off, the elution tends to be poor. 

[0056] When the a-form tris-(2.3-epoxypropyl)-isocyanurate which is present independently or on the surface of the 
crystals and which is in the form to be extracted by an alcohol, exceeds 2 wt% to some extent, it may be possible to 
reduce the value to a level of not more than 2 wt% by additional washing with e,g. methanol. However, if this value is 
from 10 to 20 wt%, the amount of methanol for additional washing at 20°C will be required to be from 20 to 40 times by 
weight such being an extremely inefficient method when the working efficiency and recovery or disposal of methanol 
are taken into consideration. If washing is carried out with heated methanol, the amount of methanol can be saved, but 
a centrifugal separating machine can not be used, and a pressure filtration machine has to be used, whereby the a-form 
tris-(2,3-epoxypropyl)-isocyanurate dissolved in methanol is likely to reprecipitate in the filter material or in the cake by 
the passage of the pressurizing gas, and the filtration property tends to deteriorate, and there will be a restriction from 
the viewpoint of installation. 

[0057] In the present invention, when vigorous stirring such as ultrasonic wave vibration is applied during the crystal- 
lization in step (D), crystals having an average particle size of from 1 0 jam to 50 fim, particularly from 1 0 urn to 20 jim, 
will be precipitated. When the average particle size of crystals obtained in step (D) is from 10 to 20 jim, re-dissolution 
of a-form tris-(2.3-epoxypropyl)-isocyanurate in step (D) is likely to take place, and due to the large specific surface area 
of such crystals, the a-form tris-(2,3-epoxypropyl)-isocyanurate is readily removable by washing with an organic solvent 
in step (E). Accordingly, in the crystals obtained in step (E). the a-form tris-(2,3-epoxypropyl)-isocyanurate contained in 
the interior of the crystals will be as small as from 2 to 5 wt%. And. with such crystals, the remaining epichlorohydrin 
can be reduced to a level of at most 400 ppm simply by carrying out the drying in a gas stream under atmospheric pres- 
sure or under reduced pressure at a temperature of not higher than the melting point of the a-form tris-(2,3-epoxypro- 
pyl)-isocyanurate, such a from 40 to 120°C. by this method, the drying method can be simplified, although this method 
may be inferior from the viewpoint of the remaining epichlorohydrin as compared with the method of drying at a temper- 
ature of at least the melting point of the a-form tris-(2,3-epoxypropyl)-isocyanurate. However, with such crystals, the 
remaining epichlorohydrin can be reduced to a level of at most 300 ppm by drying at a temperature of at least the melt- 
ing point of the a-form tris-(2,3-epoxypropyl)-isocyanurate (from 120 to 140°C) in a gas stream under atmospheric pres- 
sure or under reduced pressure. 

Method for quantitative analysis of th e rt-form tris-f2.3-eooxvDroDvn-isocvanurate in the interior of crystals 
[0058] 

(1) The a-form tris-(2,3-epoxypropyl)-isocyanurate which can be extracted by methanol, is determined in such a 
manner that to the sample (crystals), 10 times of methanol is added, followed by stirring at 20°C for 20 minutes, 
whereupon tris-(2,3-epoxypropyl)-isocyanurate in methanol is quantitatively analyzed by HPLC (high performance 
liquid chromatography). 

Under this condition, if a value of at least 10 wr% is obtained, the treating temperature is changed from 20°C 
to 40°C, and the measurement is carried out in the same manner, and the value will be taken as the measured 
value. 

The tris-(2.3-epoxypropyl)-isocyanurate extractable by methanol is the a-form tris-(2,3-epoxypropyl)-isocyanu- 
rate present on the surface of the crystals. 

(2) In the method for measuring the ratio of the a-form and the 0-form in the entire crystals, a commercially availa- 
ble optical resolution column CHIRALPAK AD (manufactured by Daicel Chemical Industries. Ltd. (0.46 cm in diam- 
eter x 25 cm in length)) was used for HPLC, n-hexane/2-propanol (40/60 v/v) is used as an eluting solution, the 
elution is carried out under such conditions that the column temperature is 24°C, and the flow rate is 1.0 m//min, 
the sample crystals are dissolved in acetonitrile and further diluted with an eluting solution, and then poured into 
HPLC for chromatoseparation, whereby the p-form tris-(2,3-epoxypropyl)-isocyanurate will elute 1 1 .00 minutes and 
16.80 minutes, and the a-fbrm tris-(2,3-epoxypropyl)-isocyanurate will elute 12.87 minutes and 14.20 minutes. The 
ratio of the a-form and the p-form in the entire crystals was calculated by the ratio of the areas of the respective 
peaks. 

[0059] The a-form tris-(2,3-epoxypropyl)-isocyanurate which can not be extracted by methanol, can be calculated by 
the above (2)-(1). This a-form tris-(2,3-epoxypropyl)-isocyanurate which can not be extracted by methanol is believed 
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tobe the a-form tris-(2 f 3-epo)wropyl)-isocyanurate present in the interior of the p-form crystals. 
Mothnri fnr quantitative analysis of unreacted eoichlorohydrin remaining ip the crystals 

5 [0060] Unreacted epichlorohydrin remaining in the crystals is determined in such a manner that to the sample (the 
crystals). 20 times of dimethylformamide is added and dissolved by heating to 80°C. followed by quantitative analysis 
by gas chromatography. 

Moafiiirpmants of the a verage particle size and the particle size distribution 

10 [0061] The measurements were carried out in a wet system using methanol as a dispersant by a laser diffraction light 
scattering particle size distribution measuring apparatus. As the average particle size, a volume standard median diam- 
eter D50 was used. As numerical values representing the distribution, the particle diameter at a 10% integrated volume 
(D10) and the particle diameter at a 90% integrated volume (D90) are shown. 

is [0062] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 



EXAMPLE 1 
20 [0063] 

Step (A): Into a flask equipped with a stirrer, a thermometer, a continuously dropping apparatus and an apparatus 
to concentrate an azeotropic vapor of epichlorohydrin and water under reduced pressure and to return only epichlo- 
rohydrin to the reaction system, 774 g (6 mols) of cyanuric acid. 8.328 g (90 mols) of epichlorohydrin and 213 g of 

25 a tetramethylammonium chloride aqueous solution having a concentration of 15.5 wt%, were added and refluxed 
with stirring at from 89 to 120°C for 5 hours to carry out the reaction. Then, the temperature of the reaction system 
was cooled to 50°C, and 1 ,536 g of a 50 wt% sodium hydroxide aqueous solution was added and reacted for 6 
hours under a reduced pressure of from 1 00 to 60 Torr with stirring while maintaining the temperature at 50°C for 
dehydrochlorination. Then, formed sodium chloride was dissolved by an addition of 3,600 g of water for washing, 

30 followed by liquid separation, and 1 .200 g of a 5 wt% sodium dihydrogen phosphate aqueous solution was further 
added for washing, whereby sodium hydroxide used in an excess amount was neutralized, followed by washing 
with 4,800 g of water. 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 60°C 
until the solid content concentration in the reaction solution became 40 wt%, to obtain 4.000 g of an adjusted liquid. 

35 Step (C): The temperature was raised to 70°C to completely dissolve the solid content, then the liquid was cooled 
to 60°C over one hour, whereupon 1 1 .2 g of p-form trts-(2.3-epoxypropyl)-isocyanurate having an average particle 
size of 45 u.m was added as seed crystals (the number T of seed crystals was 1x10 s particles/g). 
Step (D): The liquid was stirred at 60°C for one hour and then cooled to 25°C over 4 hours to precipitate p-form tris- 
(2,3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 

40 Step (E): The obtained crystals were washed with 1 ,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80 D C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2.3-epaxypropyl)-isocyanu- 
rate crystals in a yield of 280 g. The obtained crystals had an amount of remaining epichlorohydrin of 700 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt% and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 

45 rior of the crystals of 7.7 wt%. The crystals had a melting point of from 1 48 to 1 58°C, an average particle size of 75 
^im, a particle size distribution being such that D10 was 12 urn, D50 was 75 *im and D90 was 180 jim. and they 
were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure of 10 
Torr by a rotary evaporator for 24 hours to obtain p-form trisK2,3-epoxypropy1)-isocyanurate crystals wherein the 
amount of remaining epichlorohydrin was 180 ppm. 



so 



EXAMPLE 2 



[0064] 

55 Step (A): The operation was the same as in Example 1 . 
Step (B): The operation was the same as in Example 1 . 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 1 1 ,2 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having an average particle 
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size of 2.7 nm was added as seed crystals (the number T of the seed crystals was 4.9 x 1 o a particles/g). 
Step (D): The operation was the same as in Example 1. 

Step (E): The obtained crystals were washed with 1.200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyi)-isocyanu- 
rate crystals in a yield of 290 g. The obtained crystals had an amount of remaining epichlorohydrin of 330 ppm. an 
epoxy value of 101 g/eq.. a content of a-form tris-(2,3-epoxypropyt)-isocyanurate extractable by methanol of 0.5 
wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 4.1 wt%, and the crystals had a melting point of from 149 to 158°C. an average particle size 
of 15 jim and a particle size distribution being such that D10 was 8 jim, D50 was 15 fim and D90 was 25 jim, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein 
the amount of remaining epichlorohydrin was 190 ppm. 



EXAMPLE 3 

15 

[0065] 

Step (A) : The operation was the same as in Example 1 . 
Step (B): The operation was the same as in Example 1. 
20 Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 24.0 g of p-form tris-(2 f 3-epoxypropyl)-isocyanurate having an average particle 
size of 2.7 pm was added as seed crystals (the number T of the seed crystals was 1 .05 x 10 9 particles/g). 
Step (D): The operation was the same as in Example i . 

Step (E): The obtained crystals were washed with 1 ,200 g of methanol, followed by filtration. The obtained cake 
25 was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2 f 3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 310 g. The obtained crystals had an amount of remaining epichlorohydrin of 270 ppm, an 
epoxy value of 101 g/eq. ( a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%. and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 3.2 wt%, and the crystals had a melting point of from 149 to 158°C, an average particle size 
30 of 12 jim and a particle size distribution being such that D10 was 7 jim, D50 was 12 urn and D90 was 20 jim, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein 
the amount of remaining epichlorohydrin was 230 ppm. 

35 EXAMPLE 4 

[0066] 



Step (A): The operation was the same as in Example 1 . 

40 Step (B): The operation was the same as in Example 1 . 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 5.6 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having an average particle 
size of 2.7 jim was added as seed crystals (the number T of the seed crystals was 2.45 x 1 0 8 particles/g). 
Step (D): The operation was the same as in Example 1 . 

45 Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 290 g. The obtained crystals had an amount of remaining epichlorohydrin of 400 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 

so rior of the crystals of 5.0 wt%, and the crystals had a melting point of from 1 49 to 1 58°C, an average particle size 
of 1 8 jim and a particle size distribution being such that D1 0 was 9 jim, D50 was 1 8 jim and D90 was 35 jim, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein 
the amount of remaining epichlorohydrin was 190 ppm. 
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EXAMPLES 



[0067] 

Step (A): The operation was the same as in Example 1. 
Step (B): The operation was the same as in Example 1. 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 1.1 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having an average particle 
size of 2.7 tun was added as seed crystals (the number T of the seed crystals was 4.9 x 10 7 partides/g). 
Step (D): The operation was the same as in Example 1 . 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 280 g. The obtained crystals had an amount of remaining epichlorohydrin of 520 ppm, an 
epoxy value of 101 g/eq. ( a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 7.4 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle size 
of 27 jim and a particle size distribution being such that D10 was 1 1 jim, D50 was 27 jim and D90 was 55 nm, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein 
the amount of remaining epichlorohydrin was 130 ppm. 

EXAMPLES 

[0068] 

Step (A) : The operation was the same as in Example 1 . 
Step (B): The operation was the same as in Example 1 . 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 0.16 g of p-form tris-(2,3-epoxypropyl)-tsocyanurate having an average particle 
size of 2.7 jim was added as seed crystals (the number T of the seed crystals was 7 x 10 6 particles/g). 
Step (D): The operation was the same as in Example 1. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 280 g. The obtained crystals had an amount of remaining epichlorohydrin of 640 ppm. an 
epoxy value of 101 g/eq. t a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%, and a content of a-form tris-(2.3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 6.9 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle* size 
of 32 \im and a particle size distribution being such that D 10 was 1 1 jim, D50 was 32 *im and D90 was 70 *im, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-^.S-epoxypropyO-isocyanurate crystals wherein 
the amount of remaining epichlorohydrin was 170 ppm. 

EXAMPLE 7 

[0069] 

Step (A): The operation was the same as in Example 1 . 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 60°C 
until the solid content concentration in the reaction solution became 25 wt%, to obtain 6,400 g of an adjusted liquid. 
Step (C): The temperature was raised to 53°C to completely dissolve the solid content, and then the liquid was 
cooled to 43°C over one hour, and 1 1.2 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having an average particle 
size of 45 >im was added as seed crystals (the number T of the seed crystals was 1 x 1 0 s particles/g). 
Step (D): The liquid was stirred at 42°C for one hour and then cooled to 1 0°C over 4 hours to precipitate p-form tris- 
(2,3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2, 3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 280 g. The obtained crystals had an amount of remaining epichlorohydrin of 800 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-is cyanurate extractable by methanol of 0.5 
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wt%, and a content of a-form tris-(2.3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 6.8 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle size 
of 75 um and a particle size distribution being such that D 10 was 17 urn, DSO was 75 jim and D90 was 160 um, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
5 sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2 ( 3-epoxypropyt)-isocyanurate crystals 

wherein the amount of remaining epichlorohydrin was 170 ppm. 

EXAMPLE 8 
io [0070] 

Step (A): The operation was the same as in Example 1 . 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 60°C 
until the solid content concentration in the reaction solution became 15 wt%. to obtain 10.700 g of an adjusted liq- 
is uid. 

Step (C): The temperature of the reaction system was raised to 40°C to completely dissolve the solid content, and 
then the liquid was cooled to 30°C over one hour, and 11.2 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having 
an average particle size of 45 um was added as seed crystals (the number T of the seed crystals was 1x10 par- 
ticles/g). 

20 Step (D): The liquid was stirred at 30°C for one hour and then cooled to 0°C over 4 hours to precipitate p-form tns- 
(2,3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 

Step (E): The obtained crystals were washed with 1 ,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2.3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 260 g. The obtained crystals had an amount of remaining epichlorohydrin of 700 ppm, an 

25 epoxy value of 101 g/eq.. a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 7.0 wt%, and the crystals had a melting point of from 148 to 158°C. an average particle size 
of 70 um and a particle size distribution being such that D10 was 15 um. DSO was 70 um and D90 was 150 um. 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 

30 sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2 f 3-epoxypropyi)-isocyanurate crystals 
wherein the amount of remaining epichlorohydrin was 180 ppm. 

EXAMPLE 9 

35 [0071] 

Step (A): The operation was the same as in Example 1. 
Step (B): The operation was the same as in Example 1 . 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
40 cooled to 60°C over one hour, and 1 1 .2 g of p-form tris-(2,3-epoxypropyl)-isocyanurate was added as seed crystals 
(the number T of the seed crystals was 1 x 1 0 s partides/g). 

Step (D): The liquid was immediately cooled to 25°C over 5 hours without maintaining it at the temperature of the 
addition, to precipitate p-form tris-(2,3-epaxypropyl)-isocyanurate crystals, which were collected by filtration. 
Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 

45 was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 270 g. The obtained crystals had an amount of remaining epichlorohydrin of 750 ppm. an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%. and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 7.3 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle size 

so of 70 um and a particle size distribution being such that D10 was 15 um. DSO was 70 um and D90 was 150 ^m, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals 
wherein the amount of remaining epichlorohydrin was 185 ppm. 

55 
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EXAMPLE 10 
[0072] 

5 Step (A): The operation was the same as in Example 1 . 

Step (B): The operation was the same as in Example 1 . 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 11 .2 g of p-form tris-(2,3-epoxyprapy0-isocyanurate crystals having an average 
particle size of 45 jam was added as seed crystals (the number T of the seed crystals was 1 x 10 s particles/g). 
10 Step (D): The liquid was maintained for 30 minutes at the above addition temperature of 60°C and then cooled to 
25°C over two hours to precipitate p-form tris-(2,3-epaxypropyl)-isocyanurate crystals, which were collected by fil- 
tration. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 

75 rate crystals in a yield of 275 g. The obtained crystals had an amount of remaining epichlorohydrin of 800 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
wt%. and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 7.7 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle size 
of 65 urn and a particle size distribution being such that D10 was 15 \irr\ f D50 was 65 pm and D90 was 140 urn, 

20 and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
sure of 1 0 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2, 3-epoxypropyl)-isocyanurate crystals 
wherein the amount of remaining epichlorohydrin was 165 ppm. 

EXAMPLE 11 

25 

[0073] 

Step (A): The operation was the same as in Example 1 . 
Step (B): The operation was the same as in Example 1 . 
30 Step (C): The temperature before crystallization was 55°C, and at this temperature, the solid component in the 
adjusted liquid was not completely dissolved, but 1.1 g of p-form tris-(2 l 3-epoxypropyt)-isocyanurate crystals hav- 
ing an average particle size of 45 ^m was added as seed crystals (the number T of the seed crystals was 1 .0 x 1 0 4 
particles/g). 

Step (D): The liquid was stirred at a temperature of 55°C for one hour and then cooled to 25°C over 4 hours to pre- 
35 cipitate p-form tris-(2 l 3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2, 3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 260 g. The obtained crystals had an amount of remaining epichlorohydrin of 700 ppm, an 
epoxy value of 103 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
40 wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 5.0 wt%, and the crystals had a melting point of from 147 to 158°C, an average particle size 
of 50 um and a particle size distribution being such that D10 was 12 um, D50 was 50 um and D90 was 230 um, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals 
45 wherein the amount of remaining epichlorohydrin was 220 ppm. 

[0074] Example 1 1 was further repeated twice. The physical property values of the obtained crystals are shown 
below. 

[0075] In the second time, p-form tris-(2,3-epoxypropyl)-isocyanurate crystals were obtained in a yield of 265 g. The 
so crystals had an epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by meth- 
anol of 0.5 wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in 
the interior of the crystals of 6.5 wt%, and the crystals had a melting point of from 148 to 158°C, an average particle 
size of 100 um and a particle size distribution being such that D10 was 15 um, D50 was 100 um and D90 was 250 um, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
55 of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein the 
amount of remaining epichlorohydrin was 190 ppm. 

[0076] In the third time, p-form tris-(2,3-epoxypropyl)-isocyanurate crystals were obtained in a yield of 260 g. The crys- 
tals had an poxy value of 105 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol 
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of 0.5 wt%, and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the 
interior of the crystals of 4.3 wt%, and the crystals had a melting point of from 146 to 157°C, an average particle size of 
40 jxm and a particle size distribution being such that D1 0 was 13 um, D50 was 40 urn and D90 was 220 um, and they 
were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure of 10 Torr 
5 by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropy0-isocyanurate crystals wherein the amount of 
remaining epichlorohydrin was 290 ppm. 

EXAMPLE 12 
io [0077] 

Step (A): The operation was the same as in Example 1. 
Step (B): The operation was the same as in Example 1. 

Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
is cooled to 60°C over one hour, and 1 1 .2 g of p-form tris-(2 ( 3-epoxypropyl)-isocyanurate having an average particle 
size of 45 um was added as seed crystals (the number T of the seed crystals was 1 x 1 0 s particles/g). 
Step (D): The liquid was stirred at a temperature of 60°C for one hour and then cooled to 25°C over 4 hours to pre- 
cipitate p-form tris-(2,3-epaxypropyl)-isocyanurate crystals. During the crystallization, precipitation of crystals was 
carried out while applying supersonic waves to the solution by means of Model NS-200 Ultra Sonic Generator, 
20 manufactured by NISSEI K.K., and the crystals were collected by filtration. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2.3-epaxypropyl)-isocyanu- 
rate crystals in a yield of 265 g. The obtained crystals had an amount of remaining epichlorohydrin of 400 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2.3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
25 wt%, and a content of a-form tris-(2.3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 4.0 wt% f and the crystals had a melting point of from 148 to 158°C f an average particle size 
of 1 7 um and a particle size distribution being such that D1 0 was 12 um, D50 was 1 7 um and D90 was 30 um, and 
they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure 
of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanurate crystals wherein 
30 the amount of remaining epichlorohydrin was 230 ppm. 

EXAMPLE 13 

[0078] 

35 

Step (A): Into a flask equipped with a stirrer, a thermometer, a continuously dropping apparatus and an apparatus 
to concentrate an azeotropic vapor of epichlorohydrin and water under reduced pressure arid to return only epichlo- 
rohydrin to the reaction system, 774 g (6 mols) of cyanuric acid, 8,328 g (90 mols) of epichlorohydrin and 18 g of a 
tetraethylammonium bromide aqueous solution having a concentration of 60 wt%, were added and refluxed with 

40 stirring at from 89 to 1 20°C for 5 hours to carry out the reaction. Then, the temperature of the reaction system was 
cooled to 50°C, and 1,536 g of a 50 wt% sodium hydroxide aqueous solution was added and reacted under a 
reduced pressure of from 1 00 to 60 Torr for 6 hours while maintaining the temperature at 50°C with stirring for dehy- 
drochlorination. Then, formed sodium chloride was dissolved and washed by an addition of 3,600 g of water, fol- 
lowed by liquid separation, and further washed by an addition of 1 ,200 g of a 5 wt% sodium dihydrogen phosphate 

<5 aqueous solution to neutralize sodium hydroxide used in an excess amount, followed by washing with 4,800 g of 
water. 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 60°C 
until the solid content concentration in the reaction solution became 40 wf% to obtain 4.000 g of an adjusted liquid. 
Step (C): The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
w cooled to 60°C over one hour, and 36.0 g of high purity tris-(2,3-epoxypropyl)-isocyanurate (tradename TEPIC-S. 
manufactured by Nissan Chemical Industries, Ltd.) having an average particle size of 90 um was added as seed 
crystals (the number T of the seed crystals was 9 x 10 4 particles/g). 

Step (D): The liquid was stirred at 60°C for one hour and then cooled to 25°C over 4 hours to precipitate p-form tris- 
(2,3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 
5 Step (E): The obtained crystals w re washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 280 g. The obtained crystals had an amount of remaining epichlorohydrin of 650 ppm. an 
epoxy value of 101 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 0.5 
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wt%. and a content of a-form tris-(2.3-epQxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 6.5 wt%, and the crystals had a melting point of from 1 48 to 1 58°C. an average particle size 
of 70 urn and a particle size distribution being such that D10 was 20 urn, D50 was 70 pm and D90 was 150 fim, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epaxypropyl)-isocyanurate crystals 
wherein the amount of remaining epichlorohydrin was 180 ppm. 

EXAMPLE 14 
[0079] 

Step (A): The operation was the same as in Example 1 . 
Step (B): The operation was the same as in Example 1 . 

Step (C)* The temperature was raised to 70°C to completely dissolve the solid content, and then the liquid was 
cooled to 60°C over one hour, and 1.1 g of p-form tris-(2,3-epoxypropyl)-isocyanurate having an average particle 
size of 100 urn was added as seed crystals (the number T of the seed crystals was 1 x 10 3 particles/g). 
Step (D): The liquid was stirred at 60°C for one hour and then cooled to 25°C over 4 hours to precipitate p-form tns- 
(2,3-epoxypropyl)-isocyanurate crystals, which were collected by filtration. 

Step (E): The obtained crystals were washed with 1,200 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyl)-isocyanu- 
rate crystals in a yield of 240 g. The obtained crystals had an amount of remaining epichlorohydrin of 850 ppm, an 
epoxy value of 101 g/eq., a content of a-form tris-(2 t 3-epoxypropyi)-isocyanurate extractable by methanol of 0.5 
wt%. and a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the inte- 
rior of the crystals of 8.0 wt% t and the crystals had a melting point of from 147 to 158°C, an average particle size 
of 1 10 pm and a particle size distribution being such that D10 was 40 urn, D50 was 1 10 pm and D90 was 200 um, 
and they were white crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pres- 
sure of 10 Torr by a rotary evaporator for 24 hours to obtain p-form tris-(2,3-epaxypropyl)-isocyanurate crystals 
wherein the amount of remaining epichlorohydrin was 200 ppm. 

COMPARATIVE EXAMPLE 1 

[0080] 

Step (A): Into a flask equipped with a stirrer and a thermometer, 129 g (1 mol) of cyanuric acid. 1.369 g (14.8 mols) 
of epichlorohydrin and 2.0 g of dimethylaniline were added and refluxed with stirring at 1 10°C for 3.5 hours to carry 
out the reaction. Then, the temperature of the reaction system was cooled to 25°C. and 1 29 g (3.2 mols) of powdery 
sodium hydroxide was added while maintaining the temperature at from 25 to 30°C with stirring for dehydrochlorin- 
ation. Then, formed sodium chloride was removed by filtration, and 200 g of a 5 wt% sodium dihydrogen phosphate 
aqueous solution was added to the filtrate, followed by washing to neutralize sodium hydroxide used in an excess 
amount, followed by washing with 600 g of water. 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 55°C 
until the solid content concentration in the reaction solution became 55 wt%, to obtain 480 g of an adjusted liquid. 
Step (D): Crystallization was initiated at 55°C, and the liquid was cooled to 20°C over 4 hours and left to stand still 
at that temperature for 4 hours, whereupon precipitated white crystals were collected by filtration. 
Step (E): The obtained crystals were washed with 340 g of methanol, followed by filtration. The obtained cake was 
dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2,3-epoxypropyi)-isocyanurate crystals 
in a yield of 84 g. The obtained crystals had an amount of remaining epichlorohydrin of 2,900 ppm, an epoxy value 
of 1 05 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 21 wt%, and a con- 
tent of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the interior of the crys- 
tals of 19 wt%, and the crystals had a melting point of from 120 to 148°C, an average particle size of 20 ^m and a 
particle size distribution being such that D1 0 was 2 \im t D50 was 20 and D90 was 1 00 um, and they were white 
crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure of 10 Torr by a 
rotary evaporator for 24 hours, whereby the amount of remaining epichlorohydrin in the obtained crystals was 1 ,800 
ppm. Further, the crystals were coagulated, as particles were partially connected to one another by a-form tris- 
(2,3-epoxypropyl)-isocyanurate melted during the drying at 130°C. 
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COMPARATIVE EXAMPLE 2 , 
[0081] 

Step (A): Into a flask equipped with a stirrer and a thermometer, 129g(1 mol) of cyanuric acid, 1,190 g (12.9 mols) 
of epichlorohydrin and 1.0 g of triethylamine were added and refluxed with stirring at from 110 to 115°C for 3.0 
hours to carry out the reaction. Then, the temperature of the reaction system was cooled to from 30 to 35°C, and 
190 g (3.4 mols) of powdery potassium hydroxide was added every 30 minutes in five times in an equal amount 
while maintaining the temperature at from 25 to 30°C for dehydrochlorination. Then, formed potassium chloride 
was removed by filtration, and 200 g of a 5 wt% sodium dihydrogen phosphate aqueous solution was added to the 
filtrate, followed by washing to neutralize sodium hydroxide used in an excess amount, followed by washing with 
600 g of water. 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 60 to 65°C 
until the solid content concentration in the reaction solution became 60 wt%, to obtain 440 g of an adjusted liquid. 
Step (D): Crystallization was initiated at 65°C, and the liquid was cooled to 25°C over 4 hours and stirred at that 
temperature 5 hours, whereupon precipitated white crystals were collected by filtration. 

Step (E): The obtained crystals were washed with 320 g of methanol, followed by filtration. The obtained cake was 
dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2.3-epoxypropy0-isocyanurate crystals 
in a yield of 80 g. The obtained crystals had an amount of remaining epichlorohydrin of 2,700 ppm, an epoxy value 
of 1 04 g/eq., a content of a-form tris-(2,3-epoxypropyl)-isocyanurate extractable by methanol of 22 wt%, and a con- 
tent of a-form tris-(2.3-epcocyprcpyl)-isocyanurate not extractable by methanol contained in the interior of the crys- 
tals of 20 wt%, and the crystals had a melting point of from 1 18 to 148°C, an average particle size of 18 pm and a 
particle size distribution being such that D10 was 2 jim. D50 was 18 *im and D90 was 90 and they were white 
crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure of 10 Torr by a 
rotary evaporator for 24 hours, whereby the amount of remaining epichlorohydrin in the obtained crystals was 1 ,700 
ppm. Further, the crystals were coagulated as the particles were partially connected to one another by a-form tris- 
(2,3-epoxypropyl)-isocyanurate melted during the drying at 130°C. 

COMPARATIVE EXAMPLE 3 

[0082] 

Step (A): Into a flask equipped with a stirrer and a thermometer, 129 g (1 mol) of cyanuric acid, 1 ,250 g (1 3.5 mols) 
of epichlorohydrin and 3.0 g of a 60 wt% tetraethyl ammonium bromide aqueous solution, were added and refluxed 
with stirring at 110°C for 3.5 hours to carry out the reaction. Then, the temperature of the reaction system was 
cooled to from 20 to 30°C, and 129 g (3.2 mols) of powdery sodium hydroxide was added with stirring for dehydro- 
chlorination. Then, formed sodium chloride was removed by filtration, and 200 g of a 5 wt% sodium dihydrogen 
phosphate aqueous solution was added to the filtrate, followed by washing to neutralize sodium hydroxide used in 
an excess amount, followed by washing with 600 g of water. 

Step (B): A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 50 to 60°C 
until the solid content concentration in the reaction solution became 50 wt%, to obtain 540 g of an, adjusted liquid. 
Step (D): Crystallization was initiated at 55°C, and the liquid was cooled to 25°C over 4 hours arid stirred at that 
temperature for 4.5 hours, whereupon precipitated white crystals were collected by filtration. * 
Step (E): The obtained crystals were washed with 350 g of methanol, followed by filtration. The obtained cake was 
dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2,3-epoxypropyl)-ispcyanurate crystals 
in a yield of 88 g. The obtained crystals had an amount of remaining epichlorohydrin of 2,200 ppm, an epoxy value 
of 1 03 g/eq.. a content of a-form tris-(2.3-epoxypropyl)-isocyanurate extractable by methanol of 21 wt%, and a con- 
tent of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the interior of the crys- 
tals of 1 9 wt%. and the crystals had a melting point of from 1 1 8 to 1 48°C, an average particle size of 1 5 urn and a 
particle size distribution being such that D10 was 2 jim, D50 was 15 um and D90 was 85 urn, and they were white 
crystals. Further, the crystals were dried in a nitrogen stream at 130°C under a reduced pressure of 10 Torr by a 
rotary evaporator for 24 hours, whereby the amount of remaining epichlorohydrin in the obtained crystals was 1 .600 
ppm. Further, the crystals were coagulated as the particles were partially connected to one another by a-form tris- 
(2,3-epoxypropyl)-isocyanurate melted during the drying at 130°C. 
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COMPARATIVE EXAMPLE 4 
[0083] 

Steo (A) - Into aflask equipped with a stirrer and a thermometer, I29g(1 mol) of cyanuric acid. WflflMmdJj 
of epichlorohydrin and 3.0 g of a 60 wt% tetraethylammonium bromide aqueous solution, were added andrefluxed 
with stirring at 1 10«C for 3.5 hours to carry out the reaction. Then, the temperature of the reaction system was 
cooled to from 40 to 50->C. and 256 g (3.2 mols) of a 50 wt% sodium hydroxide aqueous solution was added wh.le 
maintaining the temperature at from 40 to 50°C with stirring to carry out dehydrochlorination under a reduced pres- 
sure of from 1 1 0 to 60 Torr for 6 hours. Then, formed sodium chloride was dissolved by an addition of 300 g of water 
and thereby washed, followed by liquid separation, and 100 g of a 5 wt% sodium dihydrogen prwsphate aqueous 
solution was further added for washing to neutralize sodium hydroxide used in an excess amount, followed by 

washing with 300 g of water. . . _ ^ « ♦„ -m°r 

Step (BV A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 6Sto70C 
until the solid content concentration in the reaction solution became 60 wt%, to obtain 440 g.of an adjusted hqujd 
Step (DV Crystallization was initiated at 70'C. and the liquid was cooled to 20-C over 5 hours and left to stand still 
at that temperature for 4 hours, whereupon precipitated white crystals were collected by filtration. 
Steo (EV The obtained crystals were washed with 320 g of methanol, followed by f ittration. The obtained cakewas 
dried at 80"C under a reduced pressure of 5 Torr for 4 hours to obtain trisK2.3-epoxypropyl)-isocyanurate crystals 
in a yield of 80 g. The obtained crystals had an amount of remaining epichlorohydrin of 2.000 ppm, an epoxy value 
of 1 02 g/eq.. a content of a-form tris-(2.3-epoxypropyl)-isocyanurate extractable by methanol of 21 wt%. and a con- 
tent of a-form tris-(2.3-epoxypropyl)-isocyanurate not extractable by methanol contained in the interior of the crys- 
tals of 18 wt% and the crystals had a melting point of from 120 to 148-C. an average particle size of 18 ^m and a 
particle size distribution being such that D1 0 was 2 urn, D50 was 18 nm and D90 was 90 urn. and they were white 
crystals. Further, the crystals were dried in a nitrogen stream at 130«C under a reduced pressure of 10 Torr by a 
rotary evaporator for 24 hours, whereby the amount of remaining epichlorohydrin in the obtained crystals was 1 ,600 
ppm. Further, the crystals were coagulated as the particles were partially connected to one another by a-form tris- 
(2,3-epoxypropyl)-isocyanurate melted during the drying at 1 30°C. 

COMPARATIVE EXAMPLE 5 

[0084] 

Step (A): The operation was the same as in Comparative Example 4. 

Steo (BV A part of epichlorohydrin was distilled off under reduced pressure at a temperature of from 60 to 70 C 
until the solid content concentration in the reaction solution became 50 wt%. to obtain 530 g of an adjusted hqud 
Step (D): Crystallization was initiated at 60°C, and the liquid was cooled to 25°C over 4 hours and stirred at that 
temperature for 4 hours, whereupon precipitated white crystals were collected by filtration. 
Step (EV The obtained crystals were washed with 280 g of methanol, followed by filtration. The obtained cake was 
dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2.3-epoxvpropyl)HSOCyanurate crystals 
in a yield of 76 g. The obtained crystals had an amount of remaining epichlorohydrin of 2.500 ppm. an epoxy value 
of 102 g/eq., a content of a-form tris-(2.3-epoxypropyl)-isocyanurate extractable by methanol of 1 4 wt%. and a con- 
tent of a-form tris-(2.3-epoxypropyl)-isocyanurate not extractable by methanol contained in the intenor of the crys- 
tals of 18 wt%. and the crystals had a melting point of from 138 to 150"C. an average particle size of 16 urn and a 
particle size distribution being such that D10 was 2 urn. D50 was 16 pm and D90 was 95 urn. and they were white 
crystals Further, the crystals were dried in a nitrogen stream at 130"C under a reduced pressure of 10 Torr by a 
rotary evaporator for 24 hours, whereby the amount of remaining epichlorohydrin in the obtained crystals was 1 ,500 
ppm. Further, the crystals were coagulated as the particles were partially connected to one another by a-form tris- 
(2.3-epoxypropyl)-isocyanurate melted during the drying at 130°C. 

COMPARATIVE EXAMPLE 6 

[0085] 

Step (A): The operation was the same as in Comparative Example 5. 
Step (B): The op ration was the sam as in Comparative Example 5. 
Step (D): The operation was the same as in Comparative Example 5. 

Step (E)- The obtained crystals were collected by filtration and then washed with 280 g of methanol, and 500 g of 
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epichlorohydrin was added, followed by heating to 70°C to dissolve the crystals. Then, the liquid was cooled to 
25°C over 5 hours to recrystallize the crystals. The crystals were washed with 250 g of methanol and then dried at 
80°C under a reduced pressure of 5 Torr for 4 hours to obtain p-form tris-(2,3-epoxypropyOHSCcyanurate crystals in 
a yield of 52.6 g. The crystals had an average particle size of 300 um, the remaining epichlorohydrin was 2,500 
ppm, and the a-form tris-(2,3-epoxypropyl)-isocyanurate which was considered to be attached to the surface of 
crystals, extract able by methanol, was 0.5 wt%, and the a-form tris-(2,3-epaxypropyl)-isocyanurate contained in the 
interior of the crystals was 1 wt%. The crystals had a melting point of from 150 to 1 58°C, an average particle size 
of 300 \im and a particle size distribution being such that D10 was 100 pan. D50 was 300 jim and D90 was 500 urn. 
Further, the crystals were dried at 130°C under a reduced pressure of 10 Torr for 24 hours, whereby the remaining 
epichlorohydrin in the obtained crystals was 2,500 ppm. This is believed that since a predetermined amount of a- 
form tris-(2,3-epaxypropyl)-isocyanurate was not present in the interior of the crystals, liquid pores were not formed 
in the crystals during the drying step at 130?C, and epichlorohydrin remained without being removed from the crys- 
tals. 

COMPARATIVE EXAMPLE 7 
[0086] 

Step (A) : The operation was the same as in Comparative Example 1 . 
Step (B): The operation was the same as in Comparative Example 1 . 
Step (D) : The operation was the same as in Comparative Example 1 . 

Step (E): The obtained crystals were washed with 1,700 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2,3-epaxypropyl)-isocyanurate crys- 
tals in a yield of 71 g. The obtained crystals had an amount of remaining epichlorohydrin of 2,500 ppm, an epoxy 
value of 104 g/eq., a content of a-form tris-(2,3-epaxypropyl)-isocyanurate extractable by methanol of 6 wt%, and 
a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the interior of the 
crystals of 23 wt%, and the crystals had a melting point of from 128 to 149°C, an average particle size of 20 ^im 
and a particle size distribution being such that D1 0 was 2 ^m, D50 was 20 pm and D90 was 1 00 um, and they were 
white crystals. Further, the crystals were dried at 130°C under a reduced pressure of 10 Torr for 24 hours, whereby 
the amount of remaining epichlorohydrin in the obtained crystals was 1 ,700 ppm. Further, the crystals were coag- 
ulated as the particles were partially connected to one another by a-form tris-(2,3-epaxypropyl)-isocyanurate 
melted during the drying at 1 30°C. 

COMPARATIVE EXAMPLE 8 

[0087] 

Step (A): The operation was the same as in Comparative Example 4. 
Step (B): The operation was the same as in Comparative Example 4. 
Step (D): The operation was the same as in Comparative Example 4. 

Step (E): The obtained crystals were washed with 1 ,600 g of methanol, followed by filtration. The obtained cake 
was dried at 80°C under a reduced pressure of 5 Torr for 4 hours to obtain tris-(2,3-epaxypropyl)-isocyanurate crys- 
tals in a yield of 66 g. The obtained crystals had an amount of remaining epichlorohydrin of 1 ,800 ppm, an epoxy 
value of 102 g/eq., a content of a-form tris-(2,3-epaxypropyl)-isocyanurate extractable by methanol of 6 wt%, and 
a content of a-form tris-(2,3-epoxypropyl)-isocyanurate not extractable by methanol contained in the interior of the 
crystals of 21.4 wt%, and the crystals had a melting point of from 141 to 151°C, an average particle size of 18 urn 
and a particle size distribution being such that D1 0 was 2 um, D50 was 18 um and 090 was 90 um, and they were 
white crystals. Further, the crystals were dried at 130°C under a reduced pressure of 10 Torr for 24 hours, whereby 
the amount of remaining epichlorohydrin in the obtained crystals was 1 ,500 ppm. Further, the crystals were coag- 
ulated as the particles were partially connected to one another by a-form tris-(2,3-epoxypropyl)-isocyanurate 
melted during the drying at 1 30°C. 

[0088] In Examples 2 to 4, the number of seed crystals added was large, and in Example 12, ultrasonic waves were 
applied during the crystallization. Accordingly, in these Examples, the average particle size of the obtained crystals was 
small, the amounts of remaining epichlorohydrin and a-form tris-(2,3-epoxypropyl)-isocyanurate were small even by 
drying at a temperature of about 80°C only. This is believed attributable to the fact that by the large specific surface area, 
epichlorohydrin and a-form tris-(2.3-epoxypropyl)-isocyanurate are removed during the crystallization process and the 
washing process. Further, it is believed that with such fine particles, formation of particles proceeds slowly, whereby the 
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amounts of epichlorohydrin and a-form tris-(2 t 3-epaxypropyl)-isocyanurate taken into the interior of the crystals will be 
small. 

[0089] In Examples T, 5 to 1 1 and 13 to 15, the amount of remaining epichlorohydrin present in the finally obtainable 
particles is not more than 300 ppm, since it is considered that even with particles having remaining epichlorohydrin of 
about 400 to 900 ppm during the drying at 80°C, a-form tris-(2,3-epoxypropyl)HSocyanurate present in the interior of the 
crystals will form liquid pores of a-form tris-(2,3-epaxypropyf)-isocyanurate melted in the pores by the drying tempera- 
ture of about 1 30°C, and epichlorohydrin is removed through such pores. Further, the molten a-fbrm tris-(2 t 3-epoxypro- 
pyl)-isocyanurate content is from 2 to 15 wt%, whereby it will scarcely bleed out of the crystals, and coagulation scarcely 
takes place. 

[0090] In Comparative Examples 1 to 5 wherein the process of the present invention employing seed crystals is not 
used, rapid crystallization occurs by a slight temperature change even if gradual cooling is carried out during the cooling 
step, whereby large amount of epichlorohydrin and a-form tris-(2 1 3-epoxypropyl)-isocyanurate are taken into the interior 
of the crystals, whereby the purity of the crystals deteriorates. If the a-form is present in the Interior of the crystals in an 
amount exceeding 15 wt% ? the amount of the a-form melting during the drying step of about 130°C will be large, the 
crystals themselves will not be able to maintain a particulate state, whereby coagulation of particles by the molten a- 
form is likely to take place. ' : 

[0091 ] Further, a large amount of the a-form is present outside the crystals, and can not efficiently be removed even 
by washing with methanol in an amount of 4 times by weight or more relative to the tris-(2,3 : iBpoxypropyl)-isocyanurate. 
Such a large amount of the a-form will also melt during the drying step at a temperature of about 130°C and serves as 
a binder, whereby the particles tend to fuse to one another, leading to coagulation. 

[0092] if such coagulation takes place, the product will be large blocks on the drying line in step (E) and may stop the 
production line in the process for producing p-form tris-(2,3-epoxypropyl)-isocyanurate crystals, such being undesira- 
ble. 

[0093] The p-form tris-(2,3-epoxypropyl)-isocyanurate crystals containing a-form tris-(2,3-epbxypropyl)-isocyanurate 
in the interior of the crystals of the present invention, are obtainable by an operation wherein seed crystals are added 
to the reaction solution obtained in step (A), whereby they can easily be prepared even in the production on an industrial 
scale. 

[0094] Such crystals have a low content of epichlorohydrin due to the a-form tris-(2,3-epoxypropyl)-isocyanurate con- 
tained in the interior. Namely, the a-form tris-(2,3-epoxypropyi)-isocyanurate present in the interior of the crystals will 
melt to form liquid pores during the drying at a temperature of about 130°C, and epichlorohydrin is discharged out of 
the crystals through such pores, but the liquid a-form tris-(2,3-epaxypropyi)-isocyanurate in the liquid state in the interior 
of the crystals will not bleed out of the crystals during heating at a temperature of about 130°C, whereby coagulation of 
particles to one another scarcely takes place. Further, the a-form tris-(2,3-epoxypropyl)-isocyariurate in the interior of 
the crystals will not be eluted out of the crystals even by a solvent. 

[0095] The p-form tris-(2,3-epaxypropyl)-isocyanurate crystals obtained by the present invention contains small 
amounts of a-form tris-(2,3-epoxypropyf)-isocyanurate extractable by an alcohol and epichlorohydrin hazardous to 
human bodies and to applications to electronic materials and highly purified, and they can be used in the field of e.g. a 
photo-setting/thermosetting combined resist ink utilizing such characteristics. 

Claims 

1. p-form tris-(2,3-epoxypropyl)-isocyanurate crystals containing from 2 to 15 wt% of a-form tris-(2.3-epoxypropyl)- 
isocyanurate in the interior of the crystals. 

*. * 

2. The p-form tris-(2,3-epoxypropyl)-isocyanurate crystals according to Claim 1. which have an average particle size 
of from 1 0 to 500 pm. 

3. A process for producing p-form tris-(2,3-epoxypropyI)-isocyanurate crystals containing from 2 to 15 wt% of a-form 
tris-(2,3-epoxypropyl)-isocyanurate in the interior of the crystals, which comprises the following steps (A), (B), (C). 
(D) and (E): 

(A) a step of reacting 1 mol of cyanuric acid with from 5 to 1 80 mols of epichlorohydrin to form an addition prod- 
uct of cyanuric acid and epichlorohydrin, followed by dehydrochlorination to obtain a reaction solution contain- 
ing tris-(2.3-epoxypropyl)-isocyanurate, 

(B) a step of adjusting the reaction solution containing tris-(2,3-epoxypropyl)-isocyanurate obtained in step (A) 
to a solid content concentration of from 10 to 50 wt%, 

(C) a step of adding seed crystals to the liquid obtained in step (B) at a temperature lower by from 5 to 20°C 
than the temperature at which the liquid forms a saturated solution, 
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(D) a step of gradually cooling the liquid obtained in step (C) at a cooling rate of not higher than 20°C/hr for 
crystallization, followed by filtration to obtain crystals, and 

(E) a step of washing and drying the crystals obtained in step (D). 

5 4. The process according to Claim 3, wherein step (A) is a step of reacting (a) 1 mol of cyanuric acid, (b) from 5 to 
180 mols of epichlorohydrin and (c) from 0.001 to 0.1 mol of at least one compound selected from the group con- 
sisting of a tertiary amine, a quaternary ammonium salt, a quaternary ammonium base, a trisubstituted phosphine 
and a quaternary phosphonium salt, as catalyst, to obtain a reaction solution, adding from 2 to 6 mols of an alkali 
metal hydroxide or an alkali metal alcoholate to the reaction solution fbrdehydrochlorination, and then removing the 

io resulting alkali metal salt to obtain a reaction solution containing tris-(2,3-epQxypropyl)-isocyanurate. 

5. The process according to Claim 3 or 4, wherein step (C) is a step of heating the liquid obtained in step (B) to a tem- 
perature of at least the temperature at which the liquid forms a saturated solution, thereafter cooling the liquid to a 
temperature lower by from 5 to 20°C than the temperature at which the liquid forms a saturated solution, and then 

is adding seed crystals thereto. 

6. The process according to any one of Claims 3 to 5. wherein the addition of seed crystals in step (C) satisfies the 
following formulae (1) and (2): 

20 1 x 10 10 § Ta 1 x 10 2 (1) 

T = 1.4x 10 12 (m/(MxD 3 )) (2) 

wherein T is the number of seed crystals added per the weight of tris-(2.3-epoxypropyl)-isocyanurate in the reaction 
25 solution (number/g), m is the amount of seed crystals added (g), D is the average particle size of seed crystals 
which is from 2 to 300 jim, and M is the weight (g) of tris-(2,3-epoxypropyl)-isocyanurate in the reaction solution. 

7. The process according to any one of Claims 3 to 6, wherein the seed crystals added in step (C) is p-form tris-(2,3- 
epoxypropyl)-isocyanurate, or a mixture of p-form tris-(2,3-epoxypropyl)-isocyanurate and a-form tris-(2,3-epoxy- 

30 propyl)-isocyanurate. 

8. The process according to any one of Claims 3 to 7, wherein ultrasonic waves are applied to the liquid in the process 
of gradually cooling the liquid in step (D). 

35 9. The process according to any one of Claims 3 to 8, wherein a solvent capable of providing a solubility of at least 
0.5 g/100 g at 20°C to a-form tris-(2,3-epoxypropyl)-isocyanurate and a solubility of less than 0.5 g/100 g at 20°C 
to p-form tris-(2,3-epaxypropyl)-isocyanurate, is used in an amount of from 0.5 to 10 times by weight relative to the 
p-form tris-{2,3-epoxypropyl)-isocyanurate crystals. 

40 10. The process according to any one of Claims 3 to 9, wherein the average particle size of the crystals obtained in 
step (D) is from 20 to 500 nm. and the drying in step (E) is carried out under atmospheric pressure or under 
reduced pressure in a gas stream at a temperature of from 1 20 to 1 40°C. 

11. The process according to any one of Claims 3 to 9, wherein the average particle size of the crystals obtained in 
45 step (D) is from 10 to 20 jim, and the drying in step (E) is carried out under atmospheric pressure or under reduced 
pressure in a gas stream at a temperature of from 40 to 120°C. 
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